Monthly average daily data of climatic conditions over the period 1994-2003 of cities in the east Anatolia region of Turkey is presented. Regression methods are used to fit polynomial and trigonometric functions to the monthly averages for nine parameters. The parameters namely temperature, maximum-minimum temperature, relative humidity, pressure, wind speed, rainfall, solar radiation and sunshine duration are useful for renewable energy applications. The functions presented for the parameters should enable determination of specific parameter values and prediction of missing values. They also provide some insight into the variation of these parameters. The models developed can be used in any study related to climatic and its effect on the environment and energy.
INTRODUCTION
Energy is one of the precious resources in the world. Energy conservation becomes a hot topic around people, not just for deferring the depletion date of fossil fuel but also concerning the environmental impact due to energy consumption (Apple et al., 2006) . Performance of environment-related systems, such as heating, cooling, ventilating and airconditioning of buildings (HVAC systems), solar collectors, solar cells, greenhouses, power plants and cooling towers, are dependent on weather variables like solar radiation, dry-bulb temperature, wet-bulb temperature, humidity, wind speed, etc. In order to calculate the performance of an existing system or to predict the energy consumption of a system in design step, the researcher/designer needs appropriate weather data (Üner & İleri, 2000) .
Accurate weather data are needed for design optimization and performance prediction of solar technologies and environmental control systems. However, these types of data are not often readily available in easily usable form. Analyzed weather data developed into an atlas provides useful information on renewable energy sources. The modeling of weather data results in mathematical and statistical models, which enable the determination of data and prediction of weather conditions (Dorvlo & Ampratwum, 1999) .
A number of studies are found in the literature dealing with the climatic characteristics, solar and wind energy related issues for different region of the World. Global solar irradiation (GSI) had been estimated in a number of studies by the known climatic parameters of bright sunshine duration (Sen, 2007; Abdul-Aziz et al., 1993) , cloud fraction (Norris, 1968; Kasten and Czeplak, 1980) , air temperature range (Bristow & Campbell, 1984) , precipitation status (McCaskill, 1990) , both temperature and rainfall (Hansen, 1999) and both sunshine duration and cloud (Tasdemiroglu and Sever, 1991; Ododo, 1996) , trends to years of the weather parameters such as temperature, relative humidity, wind speed, dust and fog (Al-Garni et al., 1999) .
Climatic differences between urban and suburban have been studied by many other authors (Unger, 1997; Unkasevic, 2001; Roba, 2003; Bernatzky, 1982; Wilmers, 1988; Nowak et al., 1998; Yılmaz et al., 2007) . Cañada et al. (1997) developed correlation models for global diffuse and tilted irradiation, ambient temperature, sunshine hours and specific humidity for Valencia in Italy. The coefficients of determination of their models were 0.75 or more. Coppolino (1994) developed a polynomial relationship between the clearness index and relative sunshine hours. Raja & Twidell (1994) have carried out statistical analysis of measured global insolation data for up to 15 years from six locations in Pakistan. They obtained cumulative frequency information for application when planning solar installations. Dorvlo & Ampratwum (1999) developed regression models for the weather data of Oman for the period [1987] [1988] [1989] [1990] [1991] [1992] . However, there is limited information and research dealing with the climatic characteristics, solar and wind energy related issues for different region of the Turkey in the literature (Tatli et al., 2005; Sahin et al., 2006; Sahin 2007; Türkes & Erlat, 2008; Tatli, 2007) . This paper models weather data for the determination of specific climatic parameter values that could be used for developing solar and wind technologies and environmental control systems, and for the calculation of missing data required for the development of a solar and wind atlas for the east Anatolia region of Turkey.
MATERIAL AND METHODS

Features of study area
There are thirteen cities at the east Anatolia region of Turkey. Table 1 gives the names and locations of the major meteorological stations in the east Anatolia region of Turkey. The east Anatolia region of Turkey has a typical highland climate, in that it is generally cold in winter and hot in summer and there are considerable temperature differences between day and night. Location of cities at the east Anatolia region of Turkey can be shown from Fig. 1 . The parameters observed daily at the stations are temperature, maximum-minimum temperature, relative humidity, wind speed, pressure, rainfall, solar radiation and sunshine duration. The measurements have been carried out by conventional meteorological instruments by the Turkish Meteorological State Department (TMSD). The Department produces monthly summaries of this data. The data for the present study is obtained from the summaries of 1994 to 2003. 
Modeling of climatic parameters
Statistical techniques of regression models are frequently used to study a set of experimental data. Adequacy and validity of the model is performed to determine if the model will function in a successful manner in its intended operating field. Linear regression analysis is a statistical tool by which a line is fitted through a set of experimental data using the least-squares method. Regression is used in a wide variety of applications in order to analyze how a single dependent variable is affected by the values of one or more independent variables. In this study, temperature, maximum temperature, minimum temperature, relative humidity, wind speed, pressure, rainfall, solar radiation and sunshine duration collected for a period of 10 years (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) is modeled using linear regression analysis with 95% confidence level.
The correlation coefficient (R) was primary criterion for selecting the best equation to describe the curve equation. In addition to R, the reduced χ 2 as the mean square of the deviations between the observed and calculated values for the models and root mean square error analysis (RMSE) were used to determine the goodness of the fit. The higher the values of the R, and lowest values of the χ 2 and RMSE, the better the goodness of the fit (Akpinar and Akpinar, 2004; Akpinar et al., 2006) . These can be calculated as:
where, Y exp,i is the ith experimentally observed value, Y expmean, is the mean of experimentally observed value, Y pre,i the ith predicted value, N the number of observations and n is the number constants.
Validation of the established model was made by comparing the computed climatic data with the observed climatic data in any particular run under certain conditions. The performance of the models for the climatic data was illustrated. The experimental data are generally banded around the straight line representing data found by computation, which indicates the suitability of the model in describing the computed climatic data.
RESULTS
The monthly daily summaries over the ten years 1994-2003 for the nine meteorological parameters were used in developing the models presented ( Table 2 ). The summaries are calculated over all the meteorological stations where possible. Scatter diagrams of the monthly average daily measurements for each year are presented in Figs 2, 4, 6, 8, 10, 12, 14, 16, and 18. Polynomial and trigonometric models were fitted to the data with the months (m: 1-12) as the predictor variable. The performance of these models was investigated by comparing the determination of coefficient (R), reduced chi-square (χ 2 ) and root mean square error (RMSE) between the observed and predicted values. Over fitting was avoided by listing only the functions with statistically non-zero coefficients.
The monthly average temperatures
From Fig. 2 , it can be seen that there is an evident difference at monthly average temperatures between the investigated cities. The overall average temperature for 10 years was found to be about 13 
The monthly average maximum temperatures
The overall average maximum temperature for 10 years was found to be about 19. Fig. 4 .
The simple function of the monthly average maximum temperature (AT 2 ) fit the maximum temperature data very well. The results of statistical analyses undertaken on trigonometric model for the monthly average maximum temperature are given in Table 4 . Generally, R, χ compared with calculated ones. Figure 5 shows the predicted and observed values of the monthly average maximum temperature. There is a good agreement between predicted and observed values.
The monthly average minimum temperatures
The overall average minimum temperature for 10 years was determined to be about 7. Figure 7 shows the predicted and observed values of the monthly average minimum temperature. There is a good agreement between predicted and observed values. 
The monthly average relative humidity
Kars city is the most humid area almost throughout the period while Igdir is the least humid area. The monthly average relative humidity showed changing between 63 and 81% for Kars city and 38 and 65% for Igdir city (Fig. 8) Therefore, the trigonometric model (RH) satisfactorily described characteristics of the monthly average relative humidity. Considering trigonometric model (RH), the observed monthly average relative humidity values were compared with calculated ones. Figure 9 shows the predicted and observed values of the monthly average relative humidity. There is a good agreement between predicted and observed values. 
The monthly average wind speed
The Table 7 . Generally, R, χ 2 and RMSE values were varied between 0.82965-0.98047, 0.007-0.049 and 0.067-0.174, respectively. The function has coefficients of determination of better than 0.82 and the lowest values of χ 2 and RMSE for all cities. Therefore, the polynomial model (WS) satisfactorily described characteristics of the monthly average wind speed. Considering polynomial model (WS), the observed monthly average wind speed values were compared with calculated ones. Figure 11 shows the predicted and observed values of the monthly average wind speed. There is a good agreement between predicted and observed values. The simple function of the monthly average (P) fit the pressure data very well. The results of statistical analyses undertaken on polynomial model for the monthly average pressure are given in Table 7 .
The monthly average pressure
Generally, R, χ 2 and RMSE values were varied between 0.83 395-0.96 460, 0.728-2.286 and 0.669-1.186, respectively. The function has coefficients of determination of better than 0.83 and the lowest values of χ 2 and RMSE for all cities. The polynomial model (P) satisfactorily described characteristics of the monthly average pressure. Considering polynomial model (P), the observed monthly average pressure values were compared with calculated ones (Fig. 13) . As seen from Fig. 13 , there is a good agreement between predicted and observed values.
The mean rainfall
The overall average pressure is found to be about 32. 65 The simple function of the monthly average rainfall (RF) fit the rainfall data very well. The results of statistical analyses undertaken on polynomial model for the monthly average rainfall are given in Table 9 .
Generally, R, χ 2 and RMSE values were varied between 0.70 915-0.98 088, 115.818-2075.940 and 8.220-34.799 , respectively. The function has coefficients of determination of better than 0.70 and the lowest values of χ 2 and RMSE for all cities. Hence, the polynomial model (RF) satisfactorily described characteristics of the monthly average rainfall. Considering polynomial model (RF), the observed the monthly average rainfall values were compared with calculated ones (Fig. 15) . There is a good agreement between predicted and observed values.
The monthly average direct solar radiation
The overall average of solar radiation for the same period is obtained radiation are given in Hence, the trigonometric model (SR) satisfactorily described characteristics of the monthly average solar radiation. Considering trigonometric model (SR), the observed monthly average solar radiation values were compared with calculated ones (Fig. 17) . As seen from 
The mean sunshine duration
The overall average sunshine duration for 10 years is found to be about 464. and RMSE for all cities. Hence, the trigonometric model (SD) satisfactorily described characteristics of the monthly average sunshine duration. Considering trigonometric model (SD), the observed the monthly average sunshine duration values were compared with calculated ones. Figure 19 shows the comparison of the predicted and observed values of the monthly average sunshine duration. There is a good agreement between predicted and observed values.
CONCLUSION
In the study, it was attempted to determine and model how much the climatic elements for the period 1994-2003 of thirteen cities in the east Anatolia region of Turkey. These data can be seen that:
(1) Malatya city is the hottest area whole period, while the Erzurum city is the coldest area. (2) Regression models are presented for the weather data at the period 1994-2003 of thirteen cities in the east Anatolia region of Turkey. The best fits were for the monthly average temperature, maximum-minimum temperature, relative humidity, wind speed, solar radiation and sunshine duration. The model for the monthly average pressure and rainfall is also adequate. As seen from Figs 3, 5, 7, 9, 11, 13, 15, 17, 19, there are good agreements between predicted and observed values. In other words the new equations are able to predict effectively the monthly average variations of observed values. The three good indicators of solar and wind energy potential, temperature, maximum-minimum temperature, global radiation and sunshine hours have very high averages. These high values are maintained for a considerable part of the year. The functions presented for the parameters should enable the determination of specific parameter values and the prediction of missing values.
(3) The factors thought to be effective on the climatic differences mentioned above may result from the features of the investigated cities. The factors thought to be effective on the differences determined in the present study are briefly canopy and evapotranspiration effects, elevation difference between the areas and surface roughness, radiation and reflection factors, smoke and dust, the duration and color of snow cover on the ground, wind direction and other anthropogenic effects of the investigated city. Depending on the location of the city center, prevalent easterly and northerly winds in this area is effective on temperatures and humidity, which can decrease temperatures and increase humidity. As is known, there is a true relationship between the population and temperature in a city center. This effect may be smaller compared to those aforementioned, because of the relatively low population and the city lacks of any industrial facilities that may influence the temperature in the city.
This study is expected to be useful in analyzing and interpreting the environmental and energy related issues.
